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COMPLETE SPECIFICATION 
Improvements in or relating to Plain Bearings 



We, The Glacier Metal Company 
Limited, of 368, Ealing Road, Alperton, 
Wembley, Middlesex, a 'British Company, do 
hereby declare the invention, for which we 
5 pray that a patent may be granted to us, and 
the method by which it is to be performed, 
to be particularly described in and by the 
following statement : — 

This invention relates to improvements in 

10 high speed journal bearings such as are en- 
countered, for example, in gas turbines and 
other applications. 

In such high speed bearings it is essential 
that metal-to-mctal contact between running 

15 surfaces should be avoided and friction losses 
reduced to a minimum. The use of oil, 
grease or other liquid or semi-liquid medium 
for the lubrication of such bearings is either 
impracticable or undesirable, and the present 

20 invention is specifically concerned with im- 
provements in high speed bearings in which 
under normal operating conditions metal-to- 
metal contact is prevented by the main- 
tenance of a film or layer of air or gaseous 

25 medium between opposed relatively moving 
surfaces of the bearing. During starting or 
stopping, or due to variations in load condi- 
tions, running surfaces may come momen- 
tarily into contact and damage to the bear- 

30 ing surface may result. 

The present invention has for its object 
to provide an improved high speed bearing 
of the kind referred to whereby at any region 
where clearance between the running sur- 

35 faces is reduced by the load applied, the 
pressure of the gaseous medium will be auto- 
matically increased for the effective main- 
tenance, of a film or layer of the gaseous 
medium separating the running surfaces, 

40 and whereby, in the event of momentary 
metal-to-metal contact, the bearing is safe- 
guarded against damage. 

It is known to provide a bearing surface 
faced with or incorporating a solid lubricat- 

45 ing substance, such as poiy-tetra-fluoro- 
ethylene, a cjiloro-fluoro-carbon or mixture 



of chloro-fluoro-carbons, molybdenum di- 
sulphide, tungsten disulphide or the like, the 
solid lubricating substance safeguarding the 
bearing surface against damage in the event 50 
of metal -to -metal contact in the absence of 
oil or other lubricant provided that speed 
and load are restricted to suitable limits. 

It has also been proposed to provide a 
bearing comprising a sleeve having a bear- 55 
ing surface provided with at least three cir- 
cumferentially and substantially uniformly 
spaced axial recesses to each of which a 
fluid, which may be mercury, water or any 
other kind of fluid adapted for reducing fric- 60 
tion, is individually metered through an ori- 
fice plug with the object of maintaining the 
annular clearance between the bearing sur- 
face and the shaft, said recesses being of in- 
determinate cross-sectional form. 65 

According to the present invention, a plain 
bearing of the kind referred to is provided 
with at least three circumferentially spaced 
grooves or groove formations extending in 
the bearing surface parallel, or substantially 70 
parallel, to the axis of the bearing, each 
groove tapering in cross-section in the direc- 
tion of rotation of the journal from a maxi- 
mum depth to zero depth, means associated 
with each groove being provided for indi-75 
vidually metering air or other gaseous 
medium under pressure thereto, and the bear- 
ing surface being faced with or incorporat- 
ing a solid lubricating substance. 

The function of the circumferentially ex- 80 
tending tapering grooves or groove forma- 
tions is to provide for increase of pressure at 
an}' region where clearance between the run- 
ning surfaces is reduced by the load applied „ 
and thereby to maintain during all normal 35 
operating conditions a film or layer of the 
compressed air or gaseous medium between 
and separating the running surfaces. The 
solid lubricant at or incorporated in the 
bearing surface serves to safeguard against qq 
damage if, when starting or stopping, or 
due to variations in load conditions, the run- 








nine surfaces should come momentarily into 
contact. 

Preferably live grooves are circumferen- 
_ tially spaced symmetrically about the axis of 
o the bearing. 

The grooves may extend substantially the 
length of the bearing and terminate short of 
the extreme ends ^thereof. Alternatively, 
three or more circumferentially spaced 

10 groove formations may be employed, each 
formation consisting of a number of ax i ally 
spaced grooves of tapered cross-section. 

The groves of alternate or successive 
groove formations may be staggered axially. 

15 In all arrangements embodying multiple 
groove formations, the compressed air or 
other gaseous medium is supplied to the 
grooves of each formation through indivi- 
dual metering means so that the supply of 

20 air or gaseous medium under pressure is 
metered to separate circumferentially ex- 
tending zones of the bearing. 

If the direction of rotation of the journal 
is constant, the grooves may be wedge- 

25 shaped in cross-section, i.e.. tapering from 
a maximum depth at one end of the section 
to zero depth at the other, the reduction in 
depth being in the direction of rotation of 
the journal and the compressed air or gase- 

30 ous medium being introduced at the part of 
maximum depth after passing through the 
associated metering means. 

For use with a journal rotatable in either 
direction, the grooves are of maximum depth 

35 at a middle position of the cross-section and 
taper to zero depth at both ends of the sec- 
tion. 

In the case of journal bearings having a 
flange at one or both ends to function as a 
40 thrust bearing, the grooves in the bearing, 
or certain of the grooves, may be extended 
to the flanged ends of the bearing and radi- 
ally outwards in the face of the flange. 
The pressure of the air or gaseous medium 
45 may van inversely with respect to the speed 
of rotation. At starting, a high pressure of. 
for example. 200 lbs. per square inch may be 
required, but when an operating speed of. 
for example. 50.000 r.p.m. has been attained. 
5u a pressure of 20 to 50 lbs. per square inch 
may be sufficient. 

The invention is hereinafter described, by 
way of example, with reference to the ac- 
companying diagrammatic drawings, in 
55 which : — 

Fig. I is a longitudinal section illustrating 
one embodiment of plan bearing according 
to the invention: 

Fis. 2 is a cross-section of the bearing 
60 bush! 

Fig. 3 is a cross-section showing a modi- 
fied groove formation for use with a journal 
rotatable in either direction: 

Figs. 4 and 5 are views similar to Fig. 1 
65 illustrating modifications: and 



Fig. 6 is a part sectional plan view corre- 
sponding to Fig. 5. 

In carrying the invention into elfect ac- 
cording to one embodiment and as illus- _ 
trated in Figs. 1 and 2 of the accompanying 70 
diagrammatic drawings, a plain journal 
bearing in the form of a metallic bush I sup- 
porting a journal 3 rotatable in the direction 
indicated by the arrow in Fig. 2, and hav- 
ing its bearing surface faced with, or incor- 75 
porating, a solid lubricant such as poly- 
tetra-ttuoro-ethylene. is formed with at least 
three, and preferably live, circumferentially 
spaced grooves 2 symmetrically arranged 
about the axis of rotation. Each groove 2 80 
is of tapered formation in cross-section hav- 
ing a maximum depth, for example, up to 
twice the radial clearance between the jour- 
nal 3 and the bearing surface, at one end of 
the section, and tapering to zero depth at the S5 
other end of the section, the reduction in 
depth being in the direction of rotation of 
the journal 3. The axial length of -^ach 
groove 2 preferably is rather less than the 
length of the bearing 1 so that at the ends 90 
of the bearing the grooves are blind. Air or 
other gaseous medium under pressure is ad- 
mitted to the deeper part of each groove 2 
through separate metering means, e.g.. a 
small hole or passage 4. from an annular y5 
channel 5 in a bearing housing 6, said chan- 
nel 5 communicating with a pipe 7 con- 
nected to a source of air or gaseous medium 
under pressure and provided with a shut-off 
cock 8 and pressure gauge 9. The total cir- 100 
cumferential extent of The grooves is pre- 
ferably from 10> to 25' v, of the bore cir- 
cumference. 

As shown in Fig. 3. the bearing may be 
adapted for use with a journal rotatable in 105 
either direction by providing the grooves 2 
of maximum depth at a middle position in 
the cross-section tapering to zero depth at 
both ends of the section. 

In a modification, as illustrated in Fig. 4. HO 
a journal bearing in the form of a bush as 
above described is formed with groove for- 
mations 10 arranged symmetrically about 
the axis of rotation, each groove formation 
comprising a number of axially spaced 115 
taoered grooves 2 of the cross -sectional form 
shown in Fig. 2 or Fig. 3. the grooves of each 
formation being supplied with air or gase- 
ous medium under pressure through indivi- 
dual holes or passages 4 communicating with 120 
annular channels 5a supplied from a com- 
mon pipe or passage 7. The grooves 2 of 
the alternate or successive groove formations 
10 may be staggered axially as shown in 
Fig. 4 so that together they are substantially 125 
co-extensive with the greater part of the 
length of the bearing. 

In the application of the invention to a 
journal bearing in the form of a sleeve 1 
having a flange 1 1 at one end adapted to 130 



function as a thrust bearing, the sleeve, as 
shown in Figs. 5 and 6, may be formed with 
three or more circumferentially spaced sym- 
metrically arranged grooves of a form shown 

5 in Fig. 2 or Fig. 3, and said grooves are 
extended to theTlange 11 and radially out- 
wards in the face of the flange, the radially 
extending parts 2a of the grooves preferably 
terminating short of the periphery of the 

Vj flange 11. A sleeve provided with a flange 
at each end may have the grooves extended 
in a similar manner in the face of both 
flanges. 

In the application of such bearings to gas 
15 turbines, air Or other gaseous medium under 
a high pressure of, for example, 200 lbs. per 
square inch at starting, may be supplied 
from a compressed air bottle or other suit- 
able source, while under normal running con- 
20 ditions, when a comparatively low pressure 
of 20 to 50 lbs. per square inch is adequate, 
the air or gaseous medium at this pressure 
may be obtained from the main engine com- 
pressor stage, 
25 The means for individually metering the 
air or other gaseous medium to the several 
grooves or groove formations may, for ex- 
ample, comprise a separate pump and feed 
line for each groove or groove formation, 
30 such an arrangement, however, being rela- 
tively expensive and therefore only applic- 
able when the question of cost is unimpor- 
tant. In general, it is preferred to supply 
the air or gaseous medium from a common 
35 pressure source, such as a compressor or re- 
servoir, such as a bottle, and to meter the 
supply of air or gaseous medium under pres- 
sure to each groove or groove formation 
through a small hole or passage 4 which irn- 
40 poses such resistance to the flow of the air 
or gaseous medium that the pressure in the 
respective groove or groove formation is 
between 1/ 10th and one-half of the supply 
pressure, usually about l/3rd. If the jour- 
45 nal under the influence of a load moves 
closer to the bearing surface at one point, 
escape of air from the respective groove or 
groove formation in the neighbourhood of 
this point is thereby restricted to a substan- 
50 dally greater degree than by the respective 
hole or passage 4, and increased pressure 
will, as a result, build up in the respective 
groove or groove formation until the jour- 
nal is restored to a nearly central position 
55 in the bearing. The said holes or passages 
4 preferably "are disposed to communicate 
with the grooves 2 at an intermediate posi- 
tion in the length thereof. 

It will be understood that the invention is 
60 not limited to the particular embodiments 
hereinbefore described. For example, any 
other suitable metering means may be 
arranged intermediate the source of supply 
under pressure and the grooves in any other 
65 suitable manner. 



The invention is applicable to plain bear- 
ings faced with, or incorporating, any suit- 
able solid lubricant or combination of solid 
lubricants, and is of particular utility in con- 
nection with bearings for any purpose where 70 
it is necessary or desirable to operate under 
conditions of high speed without the em- 
ployment of oil, grease or other liquid or 
semi-liquid lubricant. 

What we claim is : — 75 

1. A plain bearing of the kind referred to, 
wherein at least three circumferentially 
spaced grooves or groove formations are 
provided to extend in the bearing surface 
parallel, or substantially parallel, to the axis 80 
of the bearing, each groove tapering in cross- 
section in the direction of rotation of the 
journal from a maximum depth to zero 
depth, means associated with each groove 
being provided for individually metering air 85 
or other gaseous medium under pressure 
thereto, and the bearing surface being faced 
with, or incorporating, a solid lubricating 
substance. 

2. A plain bearing according to Claim 1, 90 
wherein five grooves are circumferentially 
spaced symmetrically about the axis of the 
bearing. 

3. A plain bearing according to Claim 1 

or Claim 2. wherein the grooves extend sub- 95 
stantially the length of the bearing and ter- 
minate short of the extreme ends thereof. 

4. A plain bearing according to Claim 1, 
wherein three or more circumferentially 
spaced groove formations are provided, each 100 
formation consisting of a number of axially 
spaced grooves tapering in cross-section in 
the circumferential direction. 

5. A plain bearing according to Claim 4, 
wherein the grooves of alternate or succes- 105 
sive groove formations are staggered axially. 

6. A plain bearing according to Claim 4 
or Claim 5, wherein the air or other gase- 
ous medium under pressure is supplied to 
the grooves of each formation through in- 110 
dividual metering means. 

7. A plain bearing according to any of 
the preceding claims, wherein the grooves 
are wedge-shaped in cross-section and taper 
from a maximum depth at one end of the 115 
section to zero depth at the other, the re- 
duction in depth being in the direction of 
rotation of the journal and the air or gase- 
ous medium under pressure being intro- 
duced at the part of maximum depth after 120 
passing through the associated metering 
means. 

8. A plain bearing according to any of 
the preceding Claims 1 to 6, wherein the 
grooves are of maximum depth at a middle 125 
position in the cross-section and taper to 
zero depth at both ends of the section. 

9. A plain bearing according to any of 
the preceding claims having a flange at one 

or both ends to function as a thrust bearing, I'M) 
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wherein the grooves in the bearing, or cer- 
tain of the grooves, are extended to the 
Hanged ends of the bearing and radially out- 
wards in the face of the Range. 
5 10. A plain bearing according to any of 
the preceding claims, wherein the solid 
lubricating substance consists of poly-tetra- 
fluoro- ethylene, a chloro-fluoro-carbon or a 
mixture of chloro-fluoro-carbons. molybde- 
10 ninn clisuiphide. tungsten disulphide or the 
like. 

11. The improved plain bearing, substan- 
tially as hereinbefore described with refer- 
ence lo Figs. J. 2 and ? of the accompany- 



ing diagrammatic drawings. 15 

12. The improved plain bearing, substan- 
tially as hereinbefore described with refer- 
ence to Fig. 4 of the accompanying diagram- 
matic drawings. 

VX The improved plain bearing, substan- 20 
tialh as hereinbefore described with refer- 
ence to Figs. 5 and 6 of the accompanying 
diagrammatic drawings. 

URQUHART-DYKES & LORD. 

Chartered Patent Agents. 
Maxwell House. 1 1. Arundel Street. 
Strand. London. W.C.2: and 
12. South Parade. Leeds J. Yorks. 



PROVISIONAL SPECIFICATION 



Improvements in or relating to Plain Bearings 



We. Thc Glacier Metal Company. 

25 Limited, of ^68. Ealing Road. Alperton. 
Wenible} - Middlesex, a~ British Company, 
do hereby declare this invention to be de- 
scribed in tiie following statement: — 

This invention relates to plain bearings. 

SO and is particularly concerned with improve- 
ments in journal hearings of the kind where- 
in the bearing surface is faced with, or in- 
corporates a solid lubricating substance, 
such as poly-tetra-Huoro-ethylene. a chloro- 

35 rluoro-carbon or mixture of ehloro-tluoro- 
earbons. molybdenum disulphide. tungsten 
disulphide or the like. 

The anti-friction properties of such solid 
lubricants enable a plain bearing assembly to 

40 function without damage in the absence of 
oil or other lubricant provided that the op- 
erating conditions, particularly us regards 
speed and load, are restricted to suitable 
limits. 

45 For high speeds, such as are encountered, 
for example, in gas turbines, it is essential 
that the running surface should not come 
into actual contact with one another. In gas 
turbines and other applications involving 

50 operating conditions of high speed, lubrica- 
tion by the use of oiL grease or other liquid 
or semi-liquid medium is for various reasons 
either impracticable or undesirable. 

The present i mention has for its object 

55 to enable a bearing of the kind referred to 
to be effectively employed under conditions 
of high speed without the use of oil. grouse 
or other liquid or semi-liquid lubrication. 
According to the present invention, a plain 

60 bearing of the kind referred to is provided 
with at least three grooves or groove forma- 
tions in the bearing surface, such groove or 
groove formations extending circumferenti- 
al!)' and tapering in the direction of rotation 

65 from n maximum depth co zero depth, and 
means associated with each groove or groove 
formation is provided for individually meter- 
ing air or other gaseous medium under pres- 
sure thereto. 



The pressure of the air or gaseous medium 70 
may vary inversely with respect to the speed 
of rotation. At starting, a high pressure of. 
for example. 200 lbs. per square inch may 
be required, but when an operating speed 
of, for example. 30.000 r.p.m. has been at- 75 
tained. a pressure of 20 to 50 lbs. per square 
inch may be sufficient. The function of the 
circumferentially extending tapering grooves 
or groove formations is to provide for in- 
crease of pressure at any region where clear- 80 
ance between the running surfaces is reduced 
by the load applied, and thereby to main- 
tain during all normal operating conditions 
a film or layer of the compressed air or gase- 
ous medium between and separating the run- 85 
ning surfaces, the solid lubricant at or in- 
corporated in the bearing surface serving to 
safeguard against damage if. when starting 
or stopping or due to variations in load con- 
ditions, the running surfaces should come 90 
momentarily into contact. 

If the direction of rotation is constant, the 
circumferentially extending grooves can be 
wedge-shaped in section, i.e.. tapering from 
a maximum depth at one end to zero depth 95 
at the other, the reduction in depth being 
in the direction of rotation and the com- 
pressed air or gaseous medium being intro- 
duced at the end of maximum depth after 
passing through the associated metering de- 100 
vice. For rotation in either direction, the 
circumferentially extending grooves would 
be of maximum depth at a middle position 
in their length and would taper to zero depth 
at both ends. 105 

More than three, and preferably rive, sym- 
metrically, or substantially symmetrically, 
arranged grooves or groove formations may 
be employed and may extend parallel to, 
or substantially parallel to. the axis from end 11 
to end of the bearing, although such grooves 
preferably would not extend to the extreme 
edges. Alternatively, three or more sym- 
metrically, or substan tialh symmetrically, 
arranged groove formations mav be em- 115 
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ployed, each formation consisting of a num- 
ber of parallel circumferentially extending 
tapered grooves which may be of V, U or 
other suitable cross-section. 

5 Alternate or successive parallel grooves in 
such groove formations may be staggered 
circumferentially. In all arrangements em- 
bodying multiple groove formations, how- 
ever, compressed air or other gaseous 

10 medium is supplied to the grooves through 
individual metering devices arranged so that 
the supply of air or gaseous medium under 
pressure is separately metered to separate 
circumferentially extending zones of the 

15 bearing. 

In the case of journal bearings having a 
flange at one or both ends to function as a 
thrust bearing, the grooves in the bearing, 
or certain of the grooves, may be extended 

20 to the flanged ends of the bearing and radi- 
ally outwards in the face of the flange. 

In carrying the invention into effect ac- 
cording to one embodiment, a plain journal 
bearing in the form of a metallic bush having 

25 its bearing surface faced with, or incorpor- 
ating a solid lubricant, such as poly-tetra- 
fluoro-ethyiene, is formed with at least three, 
and preferably five, circumferentially ex- 
tending grooves symmetrically arranged 

30 about the axis of rotation. Each groove is 
of tapered formation having a maximum 
depth at one end which may be, for example, 
up to twice the radial clearance between the 
journal and the bearing surface and taper- 

35 ing to zero depth at the other end, the re- 
duction in thickness being in the direction 
of rotation. The width of each groove pre- 
ferably is rather less than the length of the 
bearing so that at the ends of the bearing 

40 the grooves are blind. Air or other gaseous 
medium under pressure is admitted to the 
deeper end of each groove through a separ- 
ate metering device so that the grooves are 
not connected in parallel to a single pressure 

45 delivery pipe. The grooves may extend 
parallel to the axis of the bearing or may be 
inclined or curved relative to the axis so as 
to be, for example, helically disposed. The 
total circumferential length of the grooves 

50 may be, for example, 10 to 25% of the bore 
circumference. 

In a modification, a journal bearing in the 
form of a bush as above described is formed 
with three or more, preferably five, groove 

55 formations arranged symmetrically about the 
axis of rotation, each groove formation com- 
prising a number of parallel circumferenti- 
ally extending tapered grooves and each 
groove formation being supplied with air or 

60 gaseous medium under pressure through an 
individual metering device. Alternative or 
successive parallel grooves or groove forma- 
tions may be staggered circumferentially, in 
which case separate metering devices may be 

65 arranged for the supply of air or other gase- 



ous medium under pressure to the groups of 
grooves which are in axial alignment or sub- 
stantially so. 

In the application of die invention to a 
journal bearing in the form of a sleeve hav- 70 
ing a flange at one end adapted to function 
as a thrust bearing, the sleeve may be formed 
with three or more circumferentially extend- 
ing symmetrically arranged grooves as be- 
fore described and said grooves may be ex- 75 
tended to the flanged end of the sleeve and 
radially outwards in the face of the flange, 
the radially extending parts of the grooves 
preferably terminating short of the periphery 
of the flange. A sleeve provided with a SO 
flange at each end may have the grooves ex- 
tended in a similar manner in the faces of 
both flanges. 

In the application of such bearings to gas 
turbines, air or other gaseous medium under 85 
a high pressure of, for example, 200 lbs. per 
square inch at starting, may be supplied from 
a compressed air bottle or other suitable 
source, while under normal running condi- 
tions, when a comparatively low pressure of 90 
20 to 50 lbs. per square inch is adequate, the 
air or gaseous medium at this pressure may 
be obtained from the main engine compres- 
sor stage. 

The means for individually metering the 95 
air or other gaseous medium to the several 
grooves or groove formations may, for ex- 
ample, comprise a separate pump and feed 
line for each groove or groove formation, 
such an arrangement, however, being rela- 100 
tively expensive and therefore only applic- 
able when the question of cost is unimpor- 
tant. In general, it is preferred to supply the 
air or .gaseous .medium from a .common 
pressure source, such as a compressor or 105 
reservoir, such as a bottle, and to meter the 
supply of air or gaseous medium under pres- 
sure to each groove or groove formation 
through a small orifice or nozzle which im- 
poses such resistance to the flow of the air 110 . 
of gaseous medium that the pressure in the 
respective groove or groove formation is be- 
tween l/10th and one-half of the supply 
pressure, usually about l/3rd. If the journal 
under the influence of a load moves closer 115 
to the bearing surface at one point, escape 
of air from the respective groove or groove 
formation in the neighbourhood of this point 
is thereby restricted to a substantially greater 
degree than by the respective orifice or 120 
nozzle, and increased pressure will, as a re- 
sult, build up in the respective groove or 
groove formation until the journal is re- 
stored to a nearly central position in the 
bearing. . 125 

The orifices or nozzles may be in the 
form of small holes in the bearing, prefer- 
ably disposed centrally of the grooves or 
groove formations and communicating with 
each other and with the source of supply by 130 
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means of an annular groove in the housing. 
Alternatively, suitable restricting nozzles 
may be arranged intermediate thesource of 
supply and the grooves or groove formations 
5 in any other suitable manner. 

It will be understood that the invention is 
not limited to the particular embodiments 
hereinbefore described. For example, the 
invention is applicable to plain bearings 
10 faced with, or incorporating, any suitable 
solid lubricant or combination thereof, and 



the invention is also applicable to bearings 
for any purpose where it is necessary or de- 
sirable to operate under conditions of high 
speed without the employment of oil, grease 1 
or other liquid, or semi-liquid lubricant. 

URQUHART-DVKES & LORD, 

Chartered Patent Agents, 
Maxwell House. 11. Arundel Street, 

Strand, London. W.C.2: and 
12, South Parade. Leeds !, Yorks. 
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